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To solve a problem, a person often asks questions of someone with
more expertise. This paper reports on a study of the types of
questions asked and how the experts are chosen. In the study, sixty-
three first-year medical students responded to clinical scenarios, each
describing a patient affected by a toxin and asking questions
concerning the identity of the toxin and its characteristics. After
answering those questions, the students were asked to imagine that
they had access to a medical reference librarian and an internist
specializing in toxicology. The students then generated two questions
for each expert about each clinical scenario. Each question was
categorized according to the type of information requested, and the
frequency of each type of question was calculated. The study found
that students most often asked for the identification of the toxin(s),
references about the scenario, or the effects of the toxin; an
explanation of the patient's symptoms; or a description of the
appropriate treatment. Students were more likely to address questions
on the identity of the toxin and references to the hypothetical
librarian; they were more likely to ask the internist for explanations
of the symptoms and descriptions of the treatment. The implications
of these results for the design of information and educational systems
are discussed.
When faced with a problem, a person may be able to
solve it using his or her knowledge of the domain or
may need additional information from an external
source. When students are introduced to a new do-
main, it is unlikely that they have enough personal
knowledge to solve realistically complex problems in
that domain. When they seek additional information
about the problem from external sources, they will
ask questions-an epistemic function of question ask-
ing [1]. Such questions may be addressed to formal
sources, such as databases and the literature, or to
individuals who have some expertise in the domain.
Very little is known about the types of questions asked
by novices in order to solve the typical problems in
a domain of interest. After reviewing the theoretical
and empirical background on question asking as an
expression of an information need, this article will
describe a study of questions asked by medical stu-
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dents presented with clinical problems in the domain
of toxicology.
BACKGROUND
In 1960, Berlyne developed a psychological theory
for question asking, postulating an "epistemic drive"
[2]. His theory was based on stimulus-response data
and held that question asking was one type of epi-
stemic behavior; that is, "behavior that augments
knowledge" [3]. Cognitive consistency theorists gen-
erally rejected the notion of a unitary epistemic drive
but accepted the view that "a person behaves in a
way that maximizes the internal consistency of his
[or her] cognitive system" [4]. In this view, a person
asks questions in an attempt to confirm an idea con-
sistent with his or her cognitive system or to disprove
an inconsistent idea. These general theories of ques-
tion asking were related to specific questions in spe-
cific contexts by Kearsley, who suggested that indi-
viduals ask specific questions to "fill 'gaps' in a
cognitive model" of a particular concept [5]. This
theme appears in the information retrieval literature
as the system user's anomalous state of knowledge
(ASK); that is, a state in which gaps, uncertainty, or
some element of incoherence exists [6-7].
In the most direct application of these theories to
an information-retrieval setting, Brooks et al. ana-
lyzed "unstructured problem statements" from in-
dividuals addressing queries to an online biblio-
graphic retrieval system [8]. They then created
association maps based on the words in the problem
statements; these association maps represented users'
ASKs. The ASKs then were classified based on two
features: the extent to which concepts were intercon-
nected (i.e., whether a map represented a dense web
of associated concepts or a very sparse set of loosely
connected concepts) and the number of single-node
structures in the map. Based on these two features,
ASKs were placed along a spectrum ranging from
"well-defined topic and problem" to "topics and
problems not well-defined; topics often unfamiliar"
[9].
Other studies have focused on categorizing the types
of questions people ask. Using a Piagetian classifi-
cation of question functions, Davis found that both
children and adults most often asked for explanations
of other people's behaviors [10], while Meyer and
Shane found that older children most often asked
factual questions [11]. Good and Slavings compared
questions asked in math and language-arts classrooms
and found that, among the oldest children (grade 12),
questions about classroom procedures and facts were
common in both classrooms; on-task questions to at-
tract attention were common in the math classrooms;
and requests for explanations were common in lan-
guage-arts classrooms [12]. In an experimental study
where subjects were asked to learn a card game, Fish-
bein et al. found that almost half the questions were
about the game procedures rather than definitions of
concepts or the point values associated with particular
cards [13]. White took a somewhat different approach
in studying the questions asked of reference librari-
ans in order to compare the question-oriented and
needs-oriented approaches to the reference interview
[14]. Clients' original question statements most often
included the subject of the query and the character-
istics of the information sought, such as the time frame
or format.
Several studies have focused on the information
needs of physicians or medical students. Covell et al.
categorized the questions raised by physicians in in-
terviews immediately following patient visits [15].
Forty percent of the 269 questions were questions of
fact, 43% were questions of medical opinion, and the
remaining 17% asked for nonmedical information. In
a study of questions posed during clinical teaching,
Osheroff et al. classified the clinical questions ac-
cording to the subject of the request and the type of
response required [16]. Sixty-one percent of the ques-
tions asked for information about a specific patient,
25% asked about a disease therapy, 7% asked about a
differential diagnosis, and 16% asked about other clin-
ical issues.t Seventy-three percent of the responses
asked for facts; 23% asked for a synthesis of patient
and medical knowledge; 11% asked for speculation,
opinion, or synthesis; and 3% asked for other types
of responses. In a study of MEDLINE access in a clin-
ical setting, Haynes et al. found that trainees and
attending staff cited questions concerning therapy as
the reason for conducting an online search [17]. They
also sought information for case overviews, prog-
nosis, and etiology. Although each of these studies
casts light on the information-seeking behaviors of
physicians or medical students, the results are diffi-
cult to synthesize into an overall pattern.
As the design and provision of information systems
and services become more user centered, it is clear
that a better understanding is needed of users' in-
formation-seeking behaviors. One aspect of these be-
haviors is the questions asked of those with more
expertise-expertise in either the domain or the pro-
cess of information seeking. The study reported here
begins to explore these question-asking behaviors in
the context of medical education by analyzing the
questions asked by medical students about clinical
scenarios in toxicology.
t The codes used were not mutually exclusive, so the total is greater
than 100%.
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THE STUDY
This study primarily addressed two research ques-
tions. First, it examined the types of questions stu-
dents asked when they were presented with a clinical
scenario. In this situation, they were trying to solve
a problem in a domain in which they had little knowl-
edge. Given the opportunity to ask questions to help
solve the problem, what types of questions would
they ask? Analysis of the function of these questions
permits these students' information needs to be cat-
egorized. Second, the study compared the questions
students would ask of physicians (i.e., experts in the
domain) with those they would ask of librarians (i.e.,
experts in the process of information seeking). The
results of this comparison have implications for the
design of educational and information systems and
services.
Method
The study reported here is part of a larger study of
medical students' use of online factual databases in
microbiology, pharmacology, and toxicology. A sam-
ple of participants for this study was selected from
the 1991 entering class of the School of Medicine at
the University of North Carolina at Chapel Hill. After
eliminating those who had an advanced degree in
science or an undergraduate degree in microbiology,
seventy students were selected randomly and invited
to participate in the study. Of those students, sixty-
three accepted (a response rate of 90%).
The three-hour assessment period was divided into
four parts: first, the students responded to six clinical
scenarios in microbiology; then responded to the same
scenarios with the aid of INQUIRER, a database of
facts and concepts in microbiology [18]; then respond-
ed to six clinical scenarios in toxicology; and then
generated questions they wanted to ask about four of
the scenarios (Appendix A). Students were asked to
generate questions for only four of the scenarios be-
cause of time constraints. The order of the two do-
mains-microbiology and toxicology-was selected
randomly for the first group assessment and alter-
nated for the remaining assessment sessions.
The results reported here are based on the ques-
tions generated by the students concerning the tox-
icology scenarios in response to the following in-
structions.
* Imagine that you had a medical reference librarian
at your disposal. What two questions would you ask
this individual to investigate for you?
* Consider that an internist specializing in toxicol-
ogy has some time to spend with you to help you
better understand what is happening to the patient(s)
described in the scenario. What two questions would
you pose to this individual?
Table I






3. Chemical composition/chemical groups*
C. Action
1. Effects of the toxin(s)*









1. Explanation of treatment*
2. Prognosis*
C. Cause
1. Explanation of symptoms*
VI. Process
A. Associations/relationships between entities*
B. Route of exposure*
C. Treatment*
D. Follow-up on case or patients*






* Subcategories added for this study.
The students generated 1,082 questions, an average
of 17 questions each. (Some questions were subdi-
vided during the categorization process, resulting in
more questions than the 16 requested from each stu-
dent.)
Based on the question's form (rather than its con-
tent), each was categorized according to the type of
information requested. The question categories orig-
inally developed by Robinson and Rackstraw were
used as the basis for the categorization scheme [19].
Their categorization scheme was customized to the
medical domain, as illustrated in Table 1.
The categorization process was not straightfor-
ward, due to the ambiguity of natural language. For
instance, the question "What does orthostatic hypo-
tension mean?" could be a request for the definition
of the term or for an explanation of the significance
of the symptom in relation to the case being exam-
ined. Two methods were used to help resolve this
type of ambiguity and increase the reliability of the
question categorizations. First, following the lead of
prior investigators, the expected answer of each ques-
tion was considered, as well as the literal wording of
the question [20-21]. By taking into account the most
likely potential answers to a particular question, pos-
sible categories for that question were constrained.
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Second, the categorization for each question was re-
viewed by at least two members of the research team.
If there was disagreement, a third reviewer made the
call.
Certain student-generated questions were elimi-
nated from the analysis because they were literally
identical to questions accompanying the scenarios.
For example, in response to the scenario given in
Appendix A, one student asked, "How would you
treat a comatose patient?" This question corresponds
closely with stimulus question 3. After the elimina-
tion of all such questions, 948 questions remained for
the analysis.
The frequency of each category of question was
calculated, as well as the frequency with which each
type of question was asked of librarians or physicians.
Three null hypotheses were tested: that there was no
association between particular categories of questions
and individual students (i.e., there were no individ-
ual differences in the types of questions generated);
that there was no association between particular cat-
egories of questions and the scenarios to which they
were addressed; and that there was no association
between particular categories of questions and the
type of expert to whom they were addressed. The X2
statistic was considered for this analysis but may not
be valid when a high proportion of the expected fre-
quencies for individual cells are less than five, as was
the case in the tables being analyzed here. In such a
situation, Fisher's exact test would be the preferred
alternative, but it is not computationally feasible for
these tables. Instead, the distribution curve of the
expected values was smoothed by adding a constant
(0.5) to each cell, as discussed by Agresti [22], result-
ing in an adjusted X2-a more conservative test of
statistical significance than the X2 statistic alone.
RESULTS
The results from this study are described in four sec-
tions. First, the frequencies for each category of ques-
tion are reported. Next, the differences in categories
of questions generated by particular students and for
particular problems are analyzed. Finally, the results
pertaining to the question of primary interest will be
presented: the categories of questions addressed to a
hypothetical physician versus those addressed to a
hypothetical librarian.
Category frequencies
The 948 questions included in the analysis were cat-
egorized as shown in Table 2. As can be seen from a
comparison with Table 1, certain categories of ques-
tions were not generated by these students. They in-
clude identification of personal objects, nonstate de-
scriptions, placement in time, explanation through
categorization, state descriptions, kinds, and manner.
(The reader is referred to Robinson and Rackstraw
for further discussion of these question types [23].)
The question types that were generated by students
are discussed below.
The first category is "identification of impersonal
objects." These questions are generally "what" ques-
tions, and the student is expecting the name of a
particular entity or a list of entities as a response. For
example, one student asked, "What toxins can cause
the above symptoms?" The student was expecting a
list of possible toxins as a response. More than 500
of the students' questions fell into this major cate-
gory-56% of all the questions asked. This major cat-
egory was subdivided into three subcategories: iden-
tification of the toxin(s), identification of references
or articles related to the case, and identification of
the chemical composition of the toxin or the chemical
group of which it was a member.
The most common type of identification question,
asked 308 times, concerned the responsible toxin(s).
This subcategory was divided further on the basis of
the other information given in the question. For ex-
ample, if a student asked the question cited in the
previous paragraph, it was categorized as a question
concerning the identification of the toxin based on
the symptoms in the scenario. Symptoms, environ-
mental factors such as the patient's workplace, or a
combination of symptoms and environmental factors
were used most often in questions concerning the
identity of the toxin(s), accounting for 86% of all the
questions in this subcategory.
Identification of references or articles related to the
case was also a common question, asked 105 times.
This subcategory was divided further on the basis of
the type of information being requested. For instance,
one student asked, "Is there a book outlining symp-
toms of poisonings?" This question was categorized
as identification of a reference about symptoms.
Symptoms and environmental factors were again
common topics for these questions, accounting for
61% of this subcategory.
Finally, students asked questions related to iden-
tification of the chemical composition of the toxin(s)
or the chemical group. An example of the former is
"What are the contents (chemical) of the insect re-
pellent and insecticide spray used by the people at
the picnic?" An example of the latter is "What are
the different chemical groups of pesticides?" These
types of questions were asked twenty-four times.
Students also asked questions concerning the iden-
tification of actions or events. They asked for iden-
tification of the effects of the toxin(s) in seventy ques-
tions. These included questions concerning the signs,
symptoms, and diseases caused by the toxin(s) and
the body systems affected by the toxin(s). For exam-
ple, one student asked, "What symptoms are associ-
Bull Med Libr Assoc 82(3) July 1994298
Medical students
Table 2
Types of questions asked
No. of
questions No. of Totals for
Type/category asked of questions asked subcagors/
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between environment and toxin
between symptoms and toxin
between symptoms
Total: Associations
ated with ingestion of these products?" Students also
asked what tests could be used to identify a toxin or
to differentiate one candidate toxin from another.
These types of diagnosis-related identification ques-
tions were asked twenty-five times. An example is,
"What other tests can be done to determine the origin
of the toxicity?"
The second major category of questions is "defi-
nition" questions. These are generally "what is" ques-
tions, asking for the meaning of a particular term.
Definition questions were asked forty-seven times by
these students, accounting for 5% of the questions
asked. Most of these questions related to unfamiliar
terms from the scenario. For example, one student
asked, "What is tachycardia?" Questions explicitly ask-
ing for a term's meaning, such as, "What does opso-
clonus mean?" were placed in this category; in other
words, the researchers did not assume that questions
asking for meaning were requests for an explanation
of the significance of a particular symptom.

































































































































Seven questions concerned the location of a toxin
and were categorized as "placement" questions. These
are "where" questions, asking for a location in space.
An example of this type of question is "Where could
these agents have come from?"
More than 200 questions asked for an explanation
of some aspect of the scenario. Most of these were
phrased as "how" or "why" questions and concerned
the mechanism of action involved in the case. One
hundred eighty-eight questions (89% of the category)
asked for an explanation of one or more symptoms.
For example, one student asked, "How did the toxins
affect the eyes?" Because these questions were related
to a prior event-the poisoning-they were classified
as questions asking for an explanation based on the
cause of the event. Questions relating to the signifi-
cance of particular symptoms (e.g., "What is the sig-
nificance of erythrocyte cholinesterase?") also were
included in this subcategory. Most of the remaining
questions in this category asked for an explanation
concerning a future event, such as the treatment sug-
gested or the prognosis for the patient. An example
of such a question is "How does the treatment reduce
the half life of the toxin?"
Almost 150 of the questions (16% of the total) asked
for the description of a process. In general, these are
"how" questions, asking for a description of a pro-
cedure of some kind. The most frequently asked sub-
category of process questions related to the patient
treatment. For example, one student asked, "How does
one treat low erythrocyte cholinesterase levels?" A
second subcategory of process questions concerned
associations or relationships between various entities
in the scenario: between the environment and the
toxin, between the symptoms and the toxin, or among
two or more symptoms. Forty-eight questions con-
cerned associations. One example is "Is her numbness
related to her blurred vision?" The other types of
process questions related to the route of exposure to
the toxin(s), follow-up of previous cases or the current
patient(s), and environmental effects of the toxin(s).
Differences in questions
asked across students
The null hypothesis-that there was no association
between the categories of questions asked and the
individual students-was tested, and a statistically
significant difference was found (continuity-adjusted
X2 = 3,365.241, with 1,984 df, P < 0.000). This result
implies that there were differences in the questions
asked by the individual students.
Based on the frequencies with which the different
types of questions were asked by different students
and the value of the cell X2 statistics in the frequency
analysis, several examples were selected to illustrate
the question-generation patterns of these students. It
should be noted that because of the nature of the X2
statistics, question categories with very high overall
frequencies (e.g., explanation of symptoms) are un-
likely to have high X2 values in this table. The low
number of questions asked by each student in relation
to the high frequency of the category rules out an
effect on the overall X2. At the other extreme, cate-
gories with very low frequencies (e.g., effects of the
toxin in terms of diseases) are not discussed in this
section, because a single student-generated question
can result in a relatively high cell X2.
In some cases, a student focused on a particular
type of question. For example, half of one student's
eighteen questions asked for definitions of terms. In
other cases, a small number of students generated a
high proportion of the questions asked in one cate-
gory. For example, a single student's questions ac-
counted for more than one third of the questions
asking for general references, and another student's
questions accounted for more than one fourth of the




Of the 948 questions analyzed, 910 were distributed
fairly evenly across the four scenarios (231 for sce-
nario A, 252 for B, 230 for C, and 197 for D). The
remaining thirty-eight questions concerned scenarios
E and F; although the students were asked to generate
questions for the first four scenarios, they were not
precluded from using the other two scenarios. For
scenario A, 27 different categories of questions were
generated; scenario B, 27 categories; scenario C, 28;
and scenario D, 23. The null hypothesis-that there
was no association between the categories of ques-
tions asked and the different scenarios-was tested,
and a statistically significant difference was found
(continuity-adjusted X2 = 400.913, with 160 df, P <
0.000), implying that there were differences in the
questions asked across scenarios.
Based on the frequencies with which the different
types of questions were asked concerning the differ-
ent scenarios and the value of the cell X2 statistics in
the frequency analysis, a few anomalies most likely
accounted for the association represented by the over-
all X2 value. An analysis of these anomalies indicated
that the content of the scenarios or the questions
accompanying them led students to inquire about cer-
tain aspects of the case. Illustrative examples for each
scenario are described here. Scenario A (Appendix A)
accounted for 65% of the questions asking for refer-
ences about environmental factors; its emphasis on
the patient's workplace probably led students to ask
for references about the hazards associated with that
environment. For scenario B, in which five sentences
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described the setting while only two mentioned
symptoms, requests for the identification of the toxin
by environmental factors were very common, while
requests for the identification of the toxin by symp-
toms were infrequent. For scenario C, which con-
cerned toxic exposure of workers in a pesticide or
insecticide plant, questions asking for identification
of the toxin based on epidemiological information
were common.
Scenario D gave detailed information about the pa-
tient's symptoms but very little information about the
environment in which she was exposed to the toxin.
In response to scenario D, students frequently asked
for identification of the toxin based on symptoms and
references about the symptoms, but they rarely asked
for identification of the toxin based on environmental
factors. Also, because technical names were used for
many of the symptoms described in this scenario,
students often asked for definitions of these terms.
The high frequency of requests for tests and other
methods of differentiating the toxin from similar
agents can be explained by the fact that Scenario D
asked the students whether urinalysis or fecal anal-
ysis would be helpful in identifying the poison. One
surprising finding was that, although this scenario
asked students for a treatment for this poisoning, the
students did not emphasize this point in the questions
they generated.
Differences in questions asked of
physicians and librarians
Of the 948 questions analyzed, 500 would have been
posed to a hypothetical medical reference librarian,
and 448 would have been posed to a hypothetical
internist specializing in toxicology (Table 2). The null
hypothesis-that there was no association between
the types of questions asked and the type of expert
to whom they were addressed-was tested, and a sta-
tistically significant difference was found (continuity-
adjusted X2 = 418.155, with 32 df, P < 0.000), indi-
cating that there was a difference between the types
of questions addressed to physicians and those ad-
dressed to librarians. Based on the frequencies with
which questions were asked of each hypothetical ex-
pert and the value of the cell X2 statistics in the fre-
quency analysis, a few types of questions most likely
accounted for the association represented by the over-
all X2 value.
The questions asked more frequently of the hy-
pothetical librarian than of the internist concerned
identification of toxin(s), particularly by environ-
mental factors or by epidemiology; identification of
references, particularly references about symptoms,
environmental factors, or the epidemiology of the
toxin; and identification of the chemical composition
or chemical group of the toxin. With regard to the
toxin identification questions, an example of the first
type is "What toxic agents could be present in a plastic
factory?" An example of the second type is "I'd ask
for a history of health complaints and symptoms of
workers in synthetic fiber and plastic factories." With
regard to the reference questions, students not only
addressed more questions to the hypothetical librar-
ian on the identification of references and related
articles, but, of the 105 questions in this category,
none was addressed to the hypothetical physician.
Finally, 88% of the questions on identification of
chemical composition or chemical group were ad-
dressed to the hypothetical librarian.
The questions asked more frequently of the hy-
pothetical physician than of the librarian concerned
identification of tests or methods of differentiation,
explanation of symptoms or a prognosis, and descrip-
tion of the treatment process. Eighty percent of the
twenty-five questions asking about tests or methods
of differentiating toxins were addressed to the hy-
pothetical physician. Requests for an explanation of
symptoms contributed more to the X2 value than did
any other subcategory. The students asked 188 of these
questions, and 85% of them were addressed to the
hypothetical physician. Only eighteen questions asked
for an explanation of the prognosis; all but two of
these were addressed to the hypothetical physician.
Almost eighty questions asked how to treat the pa-
tient in the scenario; of these, 85% were directed to
the hypothetical physician.
DISCUSSION
The results are discussed in the same order in which
they were presented.
Overall frequency of question categories
Although students generated questions in half of
Robinson and Rackstraw's question categories [24],
more than 75% of their questions fell into just five
subcategories: identification of toxins, identification
of references, identification of the effects of the tox-
ins, explanation of the symptoms, and treatment pro-
cesses. One common theme runs through the majority
of these questions: the students are interested in the
clinical aspects of the case. The identification ques-
tions and the requests for an explanation of the sys-
tem focus on diagnosis. Many of these questions dem-
onstrate that the students expect to provide a diagnosis
based on two aspects of the scenario: the signs and
symptoms presented by the patient and the environ-
ment in which the patient was exposed to the toxin.
The remaining questions, those asking how to treat
the patient, complete the clinical cycle. This finding
is consistent with the clinical nature of the scenarios
themselves.
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The predominance of identification questions sug-
gests that one gap in a first-year student's knowledge
lies in naming objects and actions of interest. In the
-domain of toxicology, the relevant objects and actions
include toxic agents, the effects of those agents, and
references pertaining to symptoms and environmen-
tal factors associated with toxic exposure. The large
number of questions asking for an explanation of the
symptoms or a description of treatment procedures
suggests that students are interested in the mecha-
nisms of toxic agents and their antidotes. The small
number of definition questions suggests either that
students know the meanings of most of the medical
terms used in the scenarios or that they are generally
not concerned with their vocabulary deficiencies.
Differences between students
Because first-year students vary in their levels of per-
sonal knowledge, it is not surprising that the cate-
gories of questions generated also varied by student.
There are several plausible explanations for the ob-
served patterns in students' question-asking behav-
iors. One possibility is that some students used the
first few questions they generated as templates for
additional questions, merely customizing them to fit
the new scenario. Another possibility is that some
students had preconceptions that the information
available from librarians and physicians falls within
a narrow range, and they therefore limited their ques-
tions to that range. In either case, it appears that a
group of students is willing to ask a broad range of
questions concerning clinical scenarios, but individ-
ual students tend to limit their queries to a small
number of categories.
Differences across scenarios
Results of this study indicate that students' questions
about a clinical case are influenced by the information
provided in the scenario describing the case. If the
scenario emphasizes the environment in which the
case occurs, students are likely to ask questions con-
cerning the environment. If the scenario emphasizes
the patient's symptoms, students are likely to ask
questions concerning those symptoms. These results
are consistent with Briggs' finding that questions gen-
erated about a word-processing task predominantly
concerned process descriptions, focusing on how to
perform the task [25]. This finding can be used to
advantage in an educational setting by presenting
students with a wide variety of case descriptions, each
emphasizing a different aspect of the case and thereby
drawing the students' attention to that aspect of the
case.
Differences in questions to the two experts
In general, students asked the hypothetical physician
questions on the clinical aspects of the scenario (e.g.,
explanation of symptoms, prognosis, and treatment)
and asked the hypothetical librarian more general
questions concerning the identification of the toxin
and references relevant to the scenario. Questions
asking for an explanation of the symptoms or prog-
nosis, the identification of tests or methods for dif-
ferentiating toxins, or a description of the appropriate
treatment require an answer from someone with a
high level of clinical expertise; they seldom could
have been answered by someone with only a general
understanding of the toxic agent and its effects. The
students were probably correct in their estimation
that these questions are best addressed to a practicing
physician who can interpret them in the context of
a particular case. While these results are generally not
surprising, the data are puzzling in certain respects.
First, it is somewhat surprising that no student asked
the hypothetical physician for references to relevant
articles. One partial explanation for this pattern is
that the students were so accustomed to asking li-
brarians for guidance in identifying potential refer-
ences that they directed all of the questions on ref-
erences to the hypothetical librarian, not realizing
that a much more varied set of questions-including
factual questions-could be addressed appropriately
to a librarian. It is also possible that these students
did not expect a physician to be aware of the latest
literature related to a particular toxin, its symptoms,
or the settings in which it can affect humans. A third
possibility is that students valued the physician's clin-
ical expertise so highly that they did not want to
"waste" any of the physician's time on nonclinical
questions. This issue certainly warrants further study.
A second and somewhat similar surprise in the data
was the small number of questions addressed to the
hypothetical physician concerning the identity of the
salient toxin. Although the pattern was less striking
than in the case of requests for references, students
might have used similar reasoning in addressing most
of these questions to the hypothetical librarian. The
setting of the study itself also could have had an
effect. Approximately half of the students used an
online database earlier in the assessment period to
answer similar identification questions in microbi-
ology. Even though this database was not developed
or used by the library, students' prior experience with
online library catalogs and bibliographic databases
may have led them to associate the identification of
a pathogen with their use of the library. An additional
interpretation could be that the questions addressed
to the hypothetical physician required professional
judgment, while the questions asked of the hypo-
thetical librarian required statements of fact. How-
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ever, there is nothing in the data that supports this
conclusion. In the categories of questions addressed
to both types of expert, the wording of questions
addressed to the physician could not be distinguished
from the wording of those addressed to the librarian.
Also, it can be argued that identification of the re-
sponsible toxin in a realistically complex scenario re-
quires professional judgment, not just factual infor-
mation.
Finally, it was somewhat surprising that students
asked the hypothetical librarian how to treat the pa-
tient. For these questions, not only is clinical expertise
required to provide an answer, but, also, medical ref-
erence librarians would be cautious in responding
due to liability concerns related to the unauthorized
practice of medicine [26-27]. In an educational setting
such as the one in this study, where the patients are
hypothetical, it seems less likely that liability would
be an issue. Nevertheless, it was not expected that
any treatment questions would be addressed to the
hypothetical librarian.
CONCLUSION
Most of the 948 questions generated by first-year
medical students in response to clinical scenarios in
toxicology asked for the identification of the toxin(s),
the identification of relevant references, the identi-
fication of the effects of the toxin(s), an explanation
of the patient's symptoms, and a description of how
to treat the patient. Students addressed questions on
the identification of the toxin(s), references, and the
chemical composition or group of the toxin(s) to a
hypothetical librarian, and they asked for identifi-
cation of diagnostic tests, explanations of the patient's
symptoms and the prognosis, and a description of the
appropriate treatment from a hypothetical physician.
Differences in the types of questions asked for dif-
ferent scenarios and by different students also were
found, as expected.
Although the selection of students from the enter-
ing class and the development of the clinical scenar-
ios were well controlled, interpretation of the results
must take into account some limitations of the study.
First, the research design did not take into account
the variation in the number of questions asked per
student. Each student was asked to generate sixteen
questions, but the actual number of questions gen-
erated ranged from ten to twenty-one, averaging sev-
enteen per student. Because there were differences in
the types of questions asked by individual students,
it is possible that some types of questions were un-
derrepresented and others were overrepresented.
However, in a natural setting, there would probably
be even more variation in the number of questions
asked. The second limitation of the study is that it
was confined to one domain-toxicology-and to an
educational setting. The results should not be gen-
eralized to other domains, even within the field of
medicine, and the results might not be applicable
even to researchers or clinicians, even in toxicology.
Finally, interpretation of students' reasons for gen-
erating particular questions would be enhanced if
data concerning their motivations were gathered in
future studies.
The findings do have important implications for
the provision of library services to medical students.
They support the traditional library role of providing
bibliographic references relevant to clinical cases,
particularly references concerning symptoms and en-
vironmental factors that can affect a case. In addition,
the results suggest that libraries should acquire or
build information systems that will help students
identify the pathogens relevant to a particular case.
These students expected that the librarian could an-
swer questions concerning the identity of a toxin in
a particular setting; it is likely that they will expect
librarians to play a similar role for the identification
of other such agents.
The results also have important implications for
the design of other information systems supporting
medical education. These students asked questions
concerning the explanation of the symptoms in a case,
what tests or other methods could be used to distin-
guish among candidate toxins, what the prognosis
was, and how to treat the patient. These types of
questions most often were addressed to the hypo-
thetical physician-an expert rarely available to med-
ical students in the early years of their education.
Online systems that address these types of questions
would augment students' educational experiences.
Because of the limitations of this study, additional
research is needed into the types of questions that
medical students ask. Analysis of these questions can
be used to understand the information needs of med-
ical students and thus to design information and ed-
ucational services and systems that effectively sup-
port their learning.
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APPENDIX A
Sample scenario
A normally healthy 35-year-old female worker in a syn-
thetic fiber and plastic factory complained of general weak-
ness, dizziness, and headache. Nausea and vomiting oc-
curred. Her pulse rate was over 100. The first time this
occurred it was attributed to a weekend party where she
had overindulged. A week later she suffered the same symp-
toms, which progressed to tachycardia and tachypnea, then
dyspnea and bradycardia, and she was near loss of con-
sciousness. Her skin color was excellent. It must be assumed
that the toxic agent responsible is at her work site.
1. Symptoms indicate that the victim was not receiving
adequate oxygen. What possible toxic agent could be re-
sponsible?
2. If there was a lack of oxygen, why was no cyanosis seen?
3. If the patient had become comatose, what treatment pro-
cedures could have been instituted? Give rationale.
Bull Med Libr Assoc 82(3) July 1994304
